Patterns of genetic variation of Albinaria caerulea, a land snail that was probably transported by humans to Vravrona (Attica, Greece), were analysed using the mitochondrial ATPase8 gene. The analysis of molecular variance indicated significant local differentiation at the subpopulation level. This considerable population subdivision and genetic differentiation in a short time is possibly related to life history and population structure of the species. The population structure and demographic history suggest a recent single colonization event, by a single or a few lineages, at the first site inhabited by humans in Vravrona (about 5,000 years before present). This was followed by population expansion and subsequent intra-colonization events (accompanied by bottlenecks) to more recently inhabited sites. The estimated small effective population size/census population size ratio further implies considerable population fluctuations. Bayesian inference and statistical parsimony analyses indicate that the population of Vravrona is associated with a species subgroup which includes populations found in the Cycladic islands of Sikinos, Folegandros and Thira; its source is probably related to certain samples from Sikinos.
INTRODUCTION
Molecular genetic analysis has become a powerful tool for tackling various archaeological issues, from early human origins to human biogeography, artefact usage and environmental archaeology (Thomas, 1993) . Fascinating and sometimes surprising results come from the field of biomolecular archaeology (ancient DNA studies) as well as from the study of extant human populations and domesticated animal and plant species (Hunter, 2007) . However, the use of recent historical events as landmarks for molecular evolutionary biology studies, such as elucidation of demographic history is rarer, possibly due to the short timescale usually involved. Nevertheless, coalescent theory makes the reconstruction of the demographic history of species or populations using nucleotide polymorphism data possible, and subsequently allows evaluation of associated historical hypotheses (Emerson, Paradis & Thebaud, 2001; Pearce & Crandall, 2004) .
Land snails have been considered as ideal organisms for studies of ecological genetics over a wide range of spatial scales, since they are characterized by low active dispersal ability, and they dwell in patchy habitats that are likely to promote geographical structuring (Davison, 2002) . Long-distance dispersal in land snails is attributed to passive transport (Do¨rge et al., 1999) , either by rafting (Douris et al., 1998) , transport by birds (Gittenberger et al., 2006) , or by humans (Welter-Schultes, 1998) . The last of these is more probable in sites associated with human activities during the past, and has been documented in the Eastern Mediterranean (Welter-Schultes, 1998; Uit de Weerd, Schneider & Gittenberger, 2005) . Passive transportation of land snails is a reasonable explanation of distributional discontinuity (Mylonas, 1984; Gittenberger et al., 2006) .The ancient site of Vravrona ( Fig. 1) , situated on the eastern coast of Attica (mainland Greece, near Athens), is best known for the classical temple of Artemis, an important cult site during the 7th-4th centuries BC. People from all over the Hellenic world visited the site with offerings to the goddess. However, it was during the Early Helladic period about 5,000 years before present (YBP) that Vravrona first became an important site, as the trading epicentre between people from the Cyclades and from mainland Greece (Broodbank, 1993) . Archaeological findings from the hill of the Acropolis (Fig. 1a) , the site of the supposed Early Helladic settlement, include marble used to make typical Cycladic idols (Papadimitriou, 1963; Leekley & Noyes, 1976; Themelis, 1984 Themelis, , 2002 Broodbank, 1993) .
Another item that was apparently transported from the Cyclades was the rock-dwelling land snail Albinaria caerulea (Deshayes, 1835). The genus Albinaria belongs to the subfamily Alopiinae of the Clausiliidae and consists of over 250 species and subspecies, with an eastern Mediterranean distribution centred on the Aegean (Nordsieck, 1999) . The natural range of A. caerulea comprises the central and eastern Cyclades, some islands of the Dodecanese (southeast Aegean) and certain localities of coastal Asia Minor (Douris et al., 1995 (Douris et al., , 2007 . Albinaria caerulea lives on limestone rocks that are covered with microvegetation, and can be found on rock surfaces or around rock crevices, and occasionally on branches of shrubs (Giokas & Mylonas, 2002) . Yearly dispersal distances hardly ever exceed 10 m (on average 2.5 m) and, at this scale, dispersal is stepping-stone-wise and affected by the proximity of suitable limestone habitat on which the snails depend for food and shelter. They may spend months on a single limestone boulder, not crossing even small distances of unfavourable habitat (Giokas & Mylonas, 2002 , 2004 . Phylogenetic analysis of Aegean Albinaria populations by means of mitochondrial DNA markers indicates that all examined A. caerulea cluster within a single monophyletic group; certain subgroup lineages are evident, which form a coherent geographic pattern primarily shaped by vicariance events (Douris et al., 2007) . The population of Vravrona, however, does not fit this geographic pattern.
At Vravrona, A. caerulea is abundant in the archaeological site and its vicinity, including the hill to the east of the Acropolis hill (site of an important Mycenaean cemetery from c. 3,300 YBP), but is not present in the surrounding limestone hills. It has not been found anywhere outside its natural range (see above), including other mainland archaeological sites searched (Giokas & Mylonas, 2002 , 2004 . Passive transport, and especially human-aided dispersal, has been already suggested for Albinaria (Nordsieck, 1977; Douris et al., 1998 Douris et al., , 2007 Welter-Schultes, 1998) and related clausiliid taxa such as Isabellaria (Uit de Weerd et al., 2005) . Other types of passive long-distance dispersal, such as aerial dispersal by birds (Gittenberger et al., 2006) or sea rafting (Mylonas, 1984; Douris et al., 1998) that have been proposed for snails, are still hypothetical for Albinaria. In the case of A. caerulea in Vravrona, human-aided dispersal is supported by: (1) its geographical distribution (A. caerulea is absent in favourable habitats of mainland Greece except for its point occurrence at the archaeological site of Vravrona); (2) its dwelling on marble and limestone rocks (Giokas & Mylonas, 2002) , which were transported and used for building in ancient times (Broodbank, 1993) ; and (3) the documented trade route between Cyclades and Attica during the Bronze Age (Broodbank, 1993) . Although a more recent colonization date cannot be excluded a priori, if the assumption of human-aided dispersal is accepted, the date of 5,000 YBP is the most parsimonious hypothesis for colonization since there is no evidence for earlier presence of humans in the area (Themelis, 1984) .
The above information led us to consider issues concerning the shaping of contemporary demography of A. caerulea in Vravrona: how, when and from where has A. caerulea arrived in Vravrona, and what was the influence of human intervention and life-history factors on the contemporary population structure? To answer those questions we performed a population-genetic analysis using the ATPase8 gene, which is a relatively fast-evolving mitochondrial DNA marker recently introduced for molecular evolution studies of land snails (Goodacre, Thomaz & Davies, 2006; Douris et al., 2007) . Furthermore, we applied molecular evolutionary genetics tools to trace past events and the route of human-mediated dispersal of A. caerulea to Vravrona.
MATERIAL AND METHODS

Sample collection
Vravrona (Fig. 1A) is situated on the east coast of the Attica peninsula, about 40 km southeast of Athens. Archaeological findings are mainly located in three areas: on the plain just northwest of the Acropolis hill (ancient temple of Artemis, around 5th century BC), on top of the Acropolis hill (Early Helladic settlement, c. 3,000 BC) and on the hill to the east of the Acropolis hill (Mycenaean cemetery, 13th century BC). The site is crossed by the river Erasinos which forms a wetland. The total area occupied by Albinaria in Vravrona is about 40,000 m 2 , composed mainly of large blocks of limestone, forming stretches of suitable corridors, and less frequently of scattered smaller blocks in between.
In total, 249 individuals of A. caerulea were collected from eight demes in Vravrona (collection area of each deme no larger than 2 m 2 ). These were chosen to include three spatially distinct localities/subpopulations: (1) the Acropolis hill (4 Sample locations are shown and the diameter of the circles where samples were collected is proportional to Nei's (1987) gene diversity for the deme ( p, see Table 1 ). Numbers indicate demes. B. Collection sites of the samples used in this study at the Aegean archipelago. C. Haplotype network of the five different haplotypes found in the sample of 249 sequences. Circles and ovals represent haplotypes and are proportional to frequency. Branches between haplotypes are one mutational step. Nucleotide substitutions are shown on the branches together with the number, in parenthesis, of the corresponding site in the sequence of Albinaria caerulea mtDNA (GenBank Acc. No. X83390, Hatzoglou et al., 1995) . Haplotype A is the most likely ancestral haplotype (outgroup probability 0.50). demes), (2) the Mycenaean cemetery hill (1 deme) and (3) the lower areas (Valley) between these two hills (3 demes) (Fig. 1a) .
The archaeological site is surrounded by flood plains and other limestone hills, and these were also searched for the presence of A. caerulea. Individuals of that species were not found there or anywhere else in mainland Greece (Giokas & Mylonas, 2004; Douris et al., 2007) although other Albinaria species are common in the area (Nordsieck, 1977) . This suggests a strong correlation between the archaeological site of Vravrona and the presence of this snail species in mainland Greece. Samples of A. caerulea in its natural range were available from previous studies (Douris et al., 2007) . All sampling locations used in this study (including new collections from the island of Sikinos) are shown in Figure 1 (see list in Supplementary material Table S1 ).
DNA extraction, SSCP analysis and sequencing DNA was extracted from foot muscle (tail tip) using the CTAB extraction protocol (Terret, 1992) . PCR was carried out as previously described (Douris et al., 2007) , to amplify a 287-bp fragment of mtDNA, which corresponds to bases 5182-5468 of the A. caerulea mitochondrial genome (Hatzoglou, Rodakis & Lecanidou, 1995; GenBank acc. no. X83390) and includes the entire ATPase8 as well as part of the tRNA Asn and tRNA Leu genes. For each population analysed, the PCR products were examined using single-stranded conformation polymorphism (SSCP) according to Ainsworth, Surch & Coulter-Mackie (1991) , with some modifications (Goodacre et al., 2006) . In order to minimize the number of unidentified variants and to ensure reliable typing across gels, several PCR products showing the same electrophoretic profile within and across gels were sequenced and found to be identical in each case. As has already been shown in a similar fashion for other snails (Pinceel, Jordaens & Backeljau., 2005; Goodacre et al., 2006) , undetected variation is rare. Sequencing was performed on both DNA strands as previously described (Douris et al., 2007) , using the PCR primers as sequencing primers. New DNA sequences were deposited in GenBank (acc. nos EU302488-94). Other sequences used in this study were extracted from GenBank (Table S1 in Supplementary material). Sequences were aligned using ClustalX (Thompson et al., 1997) with the default parameters and adjusted manually at the intergenic regions flanking the ATPase8. All sequences from Vravrona had the same length. The alignment is available upon request.
Population structure and demographic analyses
Population structure and demographic parameters were estimated using ARLEQUIN v. 3.01 (Excoffier, Laval & Schneider, 2005) and DnaSP v. 4 (Rozas et al., 2003) . The most appropriate model of DNA substitution was evaluated with Modeltest v. 3.7 (Posada & Crandall, 1998) and PAUP 4.0 (Swofford, 2002) , according to the Akaike Information Criterion (AIC; Akaike, 1974) . The model chosen was the HKY þ G. The degree of genetic divergence between demes and subpopulations (Table 1) was calculated using F ST with 10,000 permutations and the TrN93 model (Tamura & Nei, 1993) , the nearest approximation to HKY achievable in ARLEQUIN. We used hierarchical AMOVA (Excoffier, Smouse & Quattro, 1992) , applied in ARLEQUIN with the above parameters to compare the degree of differentiation among different demes and subpopulations and to test the hypothesis of spatio-temporal structure. F ST -type statistics were also estimated with NUCLEODIV (Holsinger & Mason-Gamer, 1996) , using the parameters g ST and f ST that Holsinger & Mason-Gamer (1996) adapted from Nei's g ST (1982) for use with DNA sequence data. Parameters V and p(V) (Holsinger & Mason-Gamer, 1996) were used to estimate the topology and significance of branch lengths in the UPGMA-like deme tree, according to these authors. The significance of g ST and V estimates was evaluated using a Monte-Carlo simulation with 5,000 replications where a random allocation of haplotypes, sampled according to the observed frequencies, was used to build a distribution of the estimated parameters.
For the whole set of DNA sequences different statistical tests of selective neutrality were performed. These tests included Tajima's D (Tajima, 1989) , and Fu and Li's D and F tests (Fu & Li, 1993) . Additionally, Fay and Wu's H test was performed (Fay & Wu, 2000) . The latter was used to examine the possibility of a recent sweep. For all tests, DnaSP was used with the sequences of Sikinos as an outgroup. All these tests are sensitive to both demography and selection (Nielsen, 2001; Ramirez-Soriano et al., 2008) . Positive values of Tajima's D and Fu and Li's F and D may point to either balancing selection acting on the locus or population admixture. Negative values may be interpreted as the result of population growth or a selective sweep in the recent population history. A positive value for the Fay and Wu test may result from a recent selective sweep or from the presence of a few migrants in the population. The statistical significance of all tests was assessed using the empirical distribution of the test statistics generated from coalescent simulations. Population and subpopulation growth was estimated using Fu's F S neutrality test (Fu, 1997) as implemented in ARLEQUIN using 10,000 permutations under the sudden-expansion model. Negative F S values which differ significantly from zero are indicative of population demographic expansions. As an alternative, we also used coalescent modelling to examine the structure of the population and subpopulations. For the population and for each subpopulation, the program LAMARC 2.0 (Kuhner, 2006 ) was used to co-estimate genetic diversity Q ¼ 2N e m (where N e is the evolutionary effective population size and m is the nucleotide substitution rate), and the exponential growth rate g (to test whether the populations were in stasis or showed signs of exponential growth/decline). The program was run, performing Markov-chain Monte-Carlo maximum likelihood (ML) analysis, with 10 short chains each with 20,000 steps and two long chains each with 200,000 steps, Ti/Tv ¼ 3.0174 (estimated by MODELTEST), Watterson's estimate of initial Q and initial g equal to 0.001. We ran the analysis five times to check for inconsistencies.
Phylogeographic and statistical parsimony analyses
Maximum likelihood and Bayesian inference (BI) analyses were performed in order to correlate the haplotypes identified within the population of Vravrona with the groups and subgroups previously identified in A. caerulea (Douris et al., 2007) , and possibly to trace the source population that colonized Vravrona. We used 20 ATPase8 sequences from populations sampled from various Cycladic islands (Andros, Amorgos, Paros, Antiparos, Naxos, Thira, Sikinos and Folegandros) as well as from Vravrona (Table 1 in Supplementary material), using the parameters of the substitution model (HKY þ G) proposed by the AIC in MODELTEST (see above). ML searches were performed with PHYML v. 2.4.4 (Guindon & Gascuel, 2003) and were evaluated using 500 bootstrap replicates. BI analysis was performed with MrBayes 3.1 (Huelsenbeck & Ronquist, 2001) . Four Metropolis-coupled chains were run for 1 Â 10 6 generations. A tree was sampled every 100th generation. We checked for stationarity of likelihood values, examining the average standard deviation of split frequencies of the two simultaneous and independent runs (convergence diagnostic, see MrBayes 3.1 manual). Stationarity was achieved before 2 Â 10 5 generations. After reaching stationarity, we discarded the first 2,500 trees (burn-in 25%) of each run, from the sample of 20,002 trees (of the two runs). Then a 50% majority-rule consensus tree, with posterior probabilities, was constructed from the remaining 15,002 trees.
Additionally, for the haplotypes of Vravrona and the Cycladic islands, the program TCS (Clement, Posada & Crandall, 2000) was used to generate statistical parsimony networks in which haplotypes were joined based on the number of mutational differences that separated them. According to Templeton (2004) , TCS determines the probability of a parsimonious connection between each pair of haplotypes and retains haplotypes in each network only if they can be connected with greater than 95% confidence. The intraspecific phylogenies created in this way are an alternative to more traditional phylogenetic trees and can be used in conjunction with the previously described analyses to better visualize patterns of relatedness among haplotypes.
RESULTS
Five distinct haplotypes (A, B, C, D, E) were resolved using PCR -SSCP. Sequencing of the full length of the PCR fragments from several different individuals showed that these haplotypes were separated from each other by single base substitutions. In total, four nucleotide substitutions (all within the ATPase8 gene) were required to explain the data (Fig. 1C) . The haplotype frequencies are shown in Table 1 .
The distribution of haplotypes and gene diversity among the demes sampled (Table 1) showed higher values in demes located on the Acropolis hill, intermediate on the Cemetery hill and lower values on the lower (Valley) demes. In contrast to the low overall haplotype and gene divergence, the F ST results (see Table S2 in Supplementary material) showed genetic differentiation among many demes, indicating nonrandom distribution of haplotypes. In general, non-significant F ST values mostly corresponded to comparisons between adjacent demes, with more distant populations showing significant differentiation. All pairwise F ST distances between the three subpopulations were significant (P , 0.05), and were larger between the Acropolis subpopulation and the other two subpopulations (Valley, Cemetery, Valley þ Cemetery), and smaller between Valley and Cemetery ( Table 2) .
Hierarchical analysis of molecular variance (Table 3) confirmed the above observation, since such a recent founding event has already resulted in a significantly structured population (F ST ¼ 0.172, P , 0.001). In all cases the amongpopulations within groups (F SC ) variation was not significant and the within-populations (F ST ) variation was always significant (P , 0.001). Among-group variation (F CT ) was significant between the Acropolis and Valley subpopulation, and between the Acropolis and the combined Valley and Cemetery subpopulations. Moreover, there was absence of significant differentiation between Cemetery and Valley. Furthermore, a deme tree, based on the average coalescent times of genes within and between demes ( Fig. 2A) , showed that the structure found is organized into two groups which geographically correspond to the Acropolis hill and the samples from Cemetery hill and Valley.
The values obtained with Tajima's and Fu and Li's tests were negative, but not statistically significant at a 5% level, and the FWH value (using ATPase8 sequences from Sikinos as outgroup) was positive, but far from rejecting neutrality. Therefore, these tests did not reject the assumption of neutral evolution for the ATPase8.
Q estimates obtained with LAMARC (Table 4 ) indicated similar (same order of magnitude), yet not identical, Table 3 . Analysis of molecular variance to measure population structure at the deme level or more inclusive levels. Parameters V and p(V) are used to estimate significance of the branches in the UPGMA-like tree ( Fig. 2A) . (Kuhner, 2003; Abdo, Crandall & Joyce, 2004) , since are based on one sample in which only one pairwise difference is reported, and for Valley the unique rare allele observed may simply explain the significant negative Fs value. Analysis of genetic variation in Cycladic populations of A. caerulea provided information about the location of the source population that colonized Vravrona and consequently about an Early Helladic trade route between Vravrona and the Cyclades. Nineteen different haplotypes and 48 segregating sites (excluding gaps) were found (16 with one variant, 26 with two variants and six with three variants). Results from ML (not shown) and BI analysis of ATPase8 sequences of A. caerulea individuals, sampled from several islands that cover most of the species' natural range, were identical and indicated that Vravrona grouped with sequences from the area of Sikinos, Thira and Folegandros (Fig. 2B) . The same haplotype connections were revealed using statistical parsimony analysis (not shown). The most closely related haplotype among the ones examined appears to be from Sikinos even though no perfect match with the Vravrona haplotypes was found.
DISCUSSION
Despite its assumed recent colonization, the population of A. caerulea found in Vravrona shows some variation in the ATPase8 sequences. Preliminary results of SSCP/sequence analysis for the same gene region in selected demes of other Albinaria species (including A. unicolor, A. discolor and A. turrita, unpublished results) indicate that the levels of ATPase8 polymorphism observed at Vravrona are unusually low with respect to other populations. This is further supported by the fact that 19 different haplotypes and 48 segregating sites were found in the present analysis among different A. caerulea populations, indicating that there is considerable overall polymorphism of that gene region within this species. For example the five samples from Sikinos island show much higher polymorphism compared with the five haplotypes from Vravrona (15 vs 4 segregating sites, and 0.047 vs 0.011 nucleotide diversity). Using the same gene, Goodacre et al. (2006) found 33 haplotypes in the land snail Cepaea nemoralis and 14 haplotypes in C. hortensis populations sampled all over Britain and northwestern France. The five haplotypes found in Vravrona are closely related to each other, suggesting a recent colonization by a single or a few related ancestor haplotypes most similar to a specific subgroup of A. caerulea mtDNA lineages (subgroup a3 in Douris et al., 2007) .
The spatial distribution of haplotypes and gene diversity appears to trace events and places of human activity that archaeologists have inferred for the site of Vravrona since the Early Helladic period. As gene diversity has been shown to increase linearly with age of population (Tajima, 1983; Templeton, 1993) , the present data suggest an initial colonization of the Acropolis hill (older demes). At some point in time individuals were dispersed/transferred to the Cemetery hill and perhaps subsequently the lower reaches of the hills were colonized by A. caerulea. The location of the oldest demes sampled coincides with that of the Early Helladic settlement, while the intermediate value of gene diversity was found in the Mycenaean cemetery. This is more evident in the UPGMA-type tree shown in Fig. 2A , where a statistically significant separation between the demes found on the Acropolis hill, and those in the lower Valley area and on the Cemetery Table S1 ). The brace indicates haplotypes from Vravrona (A -E). The shaded area indicates samples belonging to the a3 subgroup of lineages (Douris et al., 2007) . Numbers indicate posterior probability values (%). Circles indicate nodes with posterior probability over 95%.
hill is observed. These subsequent colonizations can possibly be attributed to a common human practice taking place in Vravrona and elsewhere, i.e. to use parts of older constructions in the making of new buildings (Themelis, 1984 (Themelis, , 2002 ).
An alternative to this hypothesis is that the most diverse subpopulation of the Acropolis could be the result of admixture between divergent lineages that independently colonized the three localities (Acropolis, Cemetery and Valley). Even though we have no hard data to reject either hypothesis, the latter is less likely since it would require multiple colonization events, a one-way dispersal to the Acropolis hill and a different admixture pattern only at that site. Moreover, the fact that both haplotype and nucleotide diversity are low (,0.5 and ,0.5%, respectively) suggests, according to Grant & Bowen (1998) , a recent population bottleneck due to a founder effect with a single or few lineages, followed by population expansion. Therefore, taking into account the pattern of variation found in this gene in populations from its natural range (Fig. 2B) , it is reasonable to assume that Vravrona was successfully colonized only once, because multiple colonizations, even from nearby sources, would most likely have resulted in the coexistence of different and more diverged haplotype lineages. These two inferences, that colonization happened recently and in a single event, give support to the hypothesis of human transfer during Early Helladic times (no earlier than 5,000 YBP).
The absence of significant differentiation found by AMOVA (and not in the UPGMA-type tree) between the Cemetery and Valley can likely be explained by the insufficient number of sampled demes (only one) in the Cemetery, or by natural processes such as high inter-site migration or alternatively very recent common history. Therefore, given that the number of data points is only three (Valley, Cemetery and Acropolis), it may be an over-interpretation to describe the difference in the level of genetic diversity observed in these three areas in terms of a cline and then to give a historical reason for this cline. The analysis of molecular variance suggests that this hypothesis is in fact plausible, but a denser and more properly sampled set of demes and more independent markers are required for its confirmation.
Furthermore, the analysis of molecular variance indicated significant local differentiation at the subpopulation level. This considerable population subdivision and genetic differentiation in such a short time is possibly related to life-history and population-structure of the species in Vravrona. Direct ecological estimations suggest small neighbourhood size and neighbourhood area and imply that this population of A. caerulea is strongly spatially structured; that is, it consists of demes exhibiting only limited migration (Giokas & Mylonas, 2004) . Giokas & Mylonas (2004) 2 ) and mosaic habitat structure (Giokas & Mylonas, 2004) . This can result in mating between relatives and may increase inbreeding, making it possible for genetic drift and natural selection to produce significant differences in the genetic structure of closely adjacent subpopulations, even within an apparently continuous and fast growing population. This spatial genetic pattern has been already observed in land snails (Watanabe & Chiba, 2001 ) and has been attributed to repeated events of population contraction/isolation and expansion/mixing of populations.
The revealed estimates of population growth, despite the discrepancies among them, suggest a growing population as a whole. Only the subpopulation at the Cemetery hill seems to have declined. The latter estimate might not be true due the low sample size of that subpopulation; yet ecological data (Giokas & Mylonas, 2002 ) also indicate lower densities in that subpopulation, possibly because of the fewer suitable resting places (limestone blocks) and of a more intense habitat disturbance. However, results of these analyses need to be interpreted with caution (Kuhner, 2003; Abdo et al., 2004) , since testing the fit between observed and expected distributions and estimating approximate confidence intervals represents a complex problem especially when data have a low variability. Generally, it is difficult to distinguish between selective sweeps and bottlenecks, since both processes may produce similar genealogies (Nielsen, 2001 ). This difficulty is more prominent when a single locus is considered (Nielsen, 2001; Ramirez-Soriano et al., 2008) , because selective sweeps are expected to affect only one locus while bottlenecks affect all loci. Neutrality tests did not reject the assumption of neutral evolution for ATPase8 and these results, in conjunction with those obtained with LAMARC and Fu's F S tests, point to the hypothesis of a growing population affected by bottlenecks (see the significant Fu's F S values for the Cemetery and Valley subpopulation), even though positive selection in the region might also be taken into account.
For the whole population, assuming a reasonable substitution rate m of 2.0 Â 10 -8 found for protein-coding genes (and for ATPase8) in other animal groups (Hewitt, 1996; Ruvolo, 1996; Mueller, 2006) , and a generation time of 2 years suggested for A. caerulea (Giokas & Mylonas, 2004) , an estimate of effective population size N e ¼ 84,541 (54,347-119,565) can be obtained. Furthermore, according to the direct ecological estimations of neighbourhood size and area (see above and in Giokas & Mylonas, 2004) , the 40,000 m 2 area of Vravrona hosts about 1,186,400 individuals (N C , census population size), or 4,734 demes (if that area is divided by the mean neighbourhood area) hosting 937,239 individuals (total N b ). These estimates lead to N e /N C ¼ 0.07 and N e /N b ¼ 0.09. Such small ratios are close to the estimate of about 0.1 for the N e /N C ratio given by Frankham (1996) as indicative of strong population fluctuations (Frankham, 1995 (Frankham, , 1996 , and further support our hypothesis of severe bottlenecks. Several instances may have induced bottlenecks; for example, the site was abandoned after Fu's Fs, exponential growth factor (g + 95% CI) and Theta (Q + 95% CI) values for the whole population and the three subpopulations. Significant (P , 0.05) estimates are indicated in bold.
the nearby river Erasinos flooded the sanctuary in the 3rd century B.C. (Papadimitriou, 1963) and there was no human activity at the sanctuary in the Roman period, although building material from it was reused in a 6th century A.D. Christian basilica about 500 m west of the sanctuary. It should be noted that floods still occur frequently at the lower parts of the site. The pattern of genetic variation observed in the Aegean, with many lineages present in most populations (sometimes with significant sequence divergence, as in Paros or Sikinos), requires analysis of more samples before establishment of the source location can be definitely ascertained. Our results indicate that Vravrona's source population lies within the subgroup of lineages which contains populations present in Sikinos, Folegandros and Thira and that it is probably closer to certain samples from Sikinos (Fig. 2B) . This is in agreement with previous studies based on 16S rRNA and ATPase8 maximum parsimony, ML and BI sequence analysis (subgroup a3 in Douris et al., 2007) . It must be noted, however, that Thira's population (as well as perhaps several other populations from nearby islands including Sikinos) must have been severely affected by a huge volcanic eruption which occurred on that island about 1500 to 1600 B.C., a time that is possibly subsequent to the presumed colonization of Vravrona.
The present results demonstrate how relatively recent historical events can leave a record on the genetic variation of transported species and how this record can be useful for archaeologists in confirming past events. The data are sufficiently explained by the assumed date of 5,000 years, although this is probably true for a wide range of different dates; therefore we have no reasons to reject the hypothesis. Furthermore, the effect of bottlenecks and population fluctuations might also have influenced unpredictably the genetic footprint. Moreover, although our demographic estimates are reasonable, they are affected by the low levels of genetic variation. There is potential to increase accuracy by using data from more loci in future studies (Beerli & Felsenstein, 2001; Kuhner, 2003; Wilson & Rannala, 2003) . In that way it would be also possible to separate the effect of natural selection and demography. Coalescent methods are still at their infancy and must not be treated as a 'black box' (Knowles & Maddison, 2002; Beerli, 2006) . However, it can be inferred that the interplay of molecular genetics, population ecology and archaeology is useful, informative and promising for both biologists and archaeologists.
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